Three years ago I carried out rather an entensive series of experiments on the influence of a centrifugal force on the development of the frog's egg. I found that when eggs were rotated at 180 revolutions per minute for six or eight hours, there followed very considerable changes in the development. A slower rate for the same length of time produced no effects; a higher rate killed the eggs. Previous to my work 0scAn HER'rWlG, had carried out similar experiments with the frog's egg', and had also obtained abnormal forms. More recently HERTWm and WETZEL have described some further experiments in which the orientation of the egg was controlled, and have obtained important results. GUI~WlTSCrI has recently revolved the egg of triton and of the frog at a much higher rate of speed and has obtained results similar, as far as they go, to those described in the present paper. My new experiments show that a very high rate of speed for a short time (2 to 10 minutes) gives very different effects from those obtained with a slower rate for a longer time. The experiments carried out by LYoN on the sea urchin's egg" during the summer of 1905 suggested to me the possibility of similar work on the frog's egg.
the eggs were rotated very soon after deposition than when near the time of appearance of the first cleavage planes.
The machine was a small hand-centrifuge. The inner ends of the tubes containing" the eggs were 2 ce. from the centre of rotation; the outer ends 111/2 cc. The eggs, surrounded by the jelly, nearly filled the tubes in most cases. Therefore those at the outer end were under a stronger centrifugal force than those nearer the axis of rotation. The eggs were, however, driven into the outer third of the tube. The machine was kept rotating at nearly its maximum rate; viz., about 1600 revolutions per minute. At this speed the best results for the eggs of I~ana sylvatiea were obtained in about seven minutes.
Less than five minutes produced no well marked effect; more than ten minutes caused the appearance of such abnormalities that embryog did not develop. The eggs of the toad are much more sensitive to the centrifugal force. The best results were from eggs rotated not more than three minutes. Longer periods of rotation introduced changes that prevented the development of the embryo.
Experiments with Rana sylvatiea.
In the course of a few minutes the effects of the rotations becomes apparent in the flattening of the egg and in the black polar field becoming lighter in color. Further rotation causes a further flattening of the egg, an increase in the size of the clear polar field, and not infrequently the appearance of rounded mound-like lumps on the ,,upper,, hemisphere, Fig. 1 . One or more creases appear here, that resemble the beginning of cleavage furrows, Fig. 2 , but in reality are due to folding of the surface, which may possibly result from a decrease in the volume of the upper hemisphere, causing a folding of the more hardened rind covering the outer surface of the egg. A section of an egg in this condition, i. e. immediately after removaI from the machine, is shown in Fig. A . The pigment of the upper hemisphere has moved down, almost like a plate, into the interior of the egg leaving a clear slightly granular upper region. Streamer-like extensions of the pigmented material extend further downwards over the inner wall of the lower surface as well as into the interior. The yolk granules seem also to have been driven from the top of the egg into the interior. The folding of the surface is seen at the top, and slight constrictions at the sides give the outer boundaries of the lumps seen in the surface view.
After two or three hours these eggs begin to divide; at first into two and subsequently into four parts. The first division is often into equal halves, Fig. 3 , but sometimes the parts are unequal. The second cleavage is also generally equal, but sometimes unequal. If the eggs have been revolved longer than the optimium the divisions are apt to be more irregular. A section through a two-celled stage is seen in Fig. B .
In the normal egg, the third cleavage is at right angles to the first two, i. e. horizontal; in the eggs from the machine the third division is invariably vertical, dividing the egg into eight vertical segments, that are often equal in size, Fig. 4 but some times unequal. The fourth cleavage is also sometimes partially vertical, but often horizontal cutting off eight quite small upper clear cells. Further than this I have not attempted to follow the cleavage in detail. During the later cleavage, Fig. 5 and 6, the clear area at the top remains as before, but during the later blastula stages the clear area expands on M1 sides, so that it becomes larger than at first, Fig. 7 . Sections through these eggs show that a normal blastoeoel has developed, whose roof is composed of cells free fi'om pigment.
The dorsal lip of the blastopore appears below the equator, and apparently in about the same position as in the normal egg; but instead of appearing at the border between the black and light areas, as in the normal egg, the crescent may be more in the black. This is owing to the black pigment from above having been driven farther down into the white hemisphere. As the crescent of the blastopore extends laterally, Fig. 8 , some of the enclosed cells are often jet black, while others are white; and the contrast between the two is sometimes quite sharp. The black cells arise fi'om those parts of the lower hemisphere into which the black pigment fi'om the top and sides has been driven.
A section through a gastrula stage, corresponding in age to this stage, is shown in Fig. C . The entire roof of the segmentation cavity is noticeably free from pigment. A band of deeply pigmented cells lies above the dorsal lip of the blastopore. The other side of the pigment band is on the opposite side of the section. When the gastrulation is completed a curious effect is produced; the lower hemisphere is completely black, while the top. is light. The effect is that of a normal egg before cleavage, but turned upside down.
Another series of eggs and embryos is represented in Figs. 9--17, that had been revolved at 1600 revolutions for 7 minutes. A side view of an egg immediately after removal from the maehine is shown in Pig. 9. There is a large white polar field, a broad band of pigmerit around the middle of the egg, and a lighter field below, that is less in extent than the normal yolk field and also darker. _An eighteel1 stage is shown in Fig. 10 , and a six-cell stage of the same age in Fig. 11 . The white field is generally less extensive in the 2, g, and S-cell stages than it was at first, owing most probably to a partial return of the pigment of the sides toward the upper hemisphere. It is probable, I think, that this return is due to the pigment being passively carried back as the lighter, interior material in which it is carried moves toward the top again. In later cleavage stages, however, the white area begins to expand again, and since the material of the egg has become divided into smaller cells this enlargement must be due to the spreading out of the cells themselves that form the roof of the segmentation cavity.
A late gastrula stage is shown in Fig'. 12 in side view, and in Fig. 13 as seen from above. The white cap now covers a much larger area than during the S-cell stage. The lower hemisphere is entirely dark, and what remains of the yolk-plug is also dark. A late gastrula, of the same ag'e as the last, is shown in Fig. 1~ , as seen from below. Here also the yolk-plug is dark, but a higher magnification shows that some of the surface cells of the yolk plug are entirely white and others entirely black. 3{any embryos were obtained in this series, but two figures will suffice to show the relation of the embryos to the light and dark parts of the egg.
When the neural folds appear on the egg they are found to extend as far forward as the edge of the white field, Fig. 15 . There is some variation in the relation of the anterior end of the neural folds to the white area. Generally they extend just to the edge of the white, sometimes their anterior end is included in the white, but never for more than a short distance. It is to be recalled that the clear area of the unsegmented egg formed at the top has extended during the gastrulation period, and has generally advanced to or very near to the equator of the egg. We must conclude, therefore, that the anterior end of the embryo lies near the equator of the egg, and as far forward as the white area. A longitudinal section through an embryo at the time of the closure of the blastopore is represented in Fig. D . The area free from pigment extends from the anterior end of the neural plate to the middle of the ventral surface.
As the neural folds roll in to close along their middle line the white area that lies on the antero-ventral part of the embryo is carried backward on the ventral and lateral sides of the embryo. This is shown in the embryo represented in Fig. 16 from above. It will be seen that the white area extends over all the anterior, ventral and lateral sides of the embryo, while the darker parts are confined to the neural tube, to the parts of the surface on each side of it, and to the posterior end of the embryo.
A not uncommon type of abnormality occurs in these embryos. The most anterior end of the neural plate is abnormal. An extreme form of this sort is shown in Fig'. 17. Here the anterior cross-connective is absent, and the neural fold of each side ends in a slightly swollen and rounded knob at the edge of the white area. The rotation has in some way affected the egg so that the white area can no longer produce normally the anterior end of the neural fold.
The tadpoles that developed from the best series were kept for several weeks, and in one case for several months. They behayed in all respects like the normal tadpoles. For a week or two they were lighter over the anterior-ventral surface, as they had been in earlier stages. Later~ this difference grew less and less, and finally disappeared. It appears that the loss of pigment in the cells at the top of the blastula is not made good at first, but, ultimately, pigment may develop in the cells derived from this region. The early development is so rapid that the time may be too short for the clear cells to produce enough pigment to make any noticeable difference in their color, but in the course of the following days or weeks the cells make good, in part at least, their loss. The conclusion is drawn from purely superficial examination of the tadpoles from day to day. There was no evidence observed in favor of the other possible interpretation that the white area is replaced by black.
Experiment with Bufo variabilis.
The results with the toad's egg were essentially the same as those with the frog's egg. A shorter time of rotation, as stated~ gives the best results. An egg that had been rotated for three minutes is shown from the side in Fig'. 18 . A large white area is present at the top; a black zone occupies the middle of the egg, while the bottom is darker than normal, but much lighter than the middle zone. A section through one of these eggs is shown in Fig. E. krchiv f. Entwicklungsmechanik. xxn.
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Streams of black material are seen extending downwards into the middle and bottom of the egg. The segmentation of these eggs resemble that of the rotated frog's egg in all essential respects. The eggs divide by vertical furrows into two, and then into four cells. The third cleavage is also vertical. If the eggs have been rotated too long" the cleavage is less regular.
An early gastrula stage is shown in side view and partly from below in Fig. 19 . The dorsal lip of the blastopore lies between the black zone and the less dark lower region. A section through an egg just beginning to gastrulate is shown in Fig. av . In this case the dorsal lip lies quite near to the upper white field, which has extended further downwards at this time than at the end of the rotation period. A later stage is shown in Fig. G where nearly the same conditions prevail, except that the blastopore is not quite so near to the white field.
When the neural folds appear on the egg, Fig. 20 , they are seen to extend further ibrward into the white field than in the case of the frog's egg. The simplest interpretation of this difference would seem to be that the neural plate of the toad extends higher up on the egg than does the neural plate of the frog, or else that the polar field covers a larger area. Both conditions probably occur. The white area covers the entire anterior, and ventral sides of the embryo, Fig. 21. A later stage, Fig. 29 ., shows that as the neural folds roll in and the embryo elongates the white ectoderm extends over the ventral and lateral sides of the embryo. An older tadpole is shown in Fig. 23 . The head is pure white, and the sides and ventral surface are also much lighter than the normal. The black ectoderm is confined to the mid-dorsal line and to the tail region.
Conclusions.
The influence of the centrifugal force is to drive the heavier pigment and other substances from the black hemisphere toward the middle, leaving a clear protoplasm at the top of the egg'. After removal fl'om the machine the pigment does not return to its former position, although to some extent the white field is reduced. As the egg soon becomes divided into cells, further return is prevented by the cell-walls. The clear protoplasm at the top forms the cells that cover the roof of the segmentation cavity. During" the later cleavage stages this white area at the top increases in extent, and in later stages it covers a large part of the anterior-ventral sides of the embryo. The yolk-plug, that is drawn into the blastopore during gastrulation, often contains cells that m'e jet black, and the yolkplug contrasts markedly in this respect with the normal one. The change in the position of the third cleavage planes is probably due to the flattening of the egg', rather than to any direct influence on the cytoplasm, I conclude that this is the probable cause, since a similar change in cleavage has been brought about by flattening" the egg between glass plates. It is a curious fact, difficult to explain, that the egg retains its flattened form for several hours after the action of the centrifugal force has ceased. One would think that a viscid body of the consistency of the egg would sooner regain its spherical form. Whether or not some of the water is driven out of the egg was not determined. If it is, this condition might possibly enter into the results.
The presence of the clear area at the top of the egg" gives an opportunity to determine with some accuracy the location of the embryo upon the egg. It is evident that the anterior end of the neural fold of the frog extends about to the equator. In the toad the anterior end seems to lie higher up on the egg.
How far these results throw light on the location of the embryo on the normal egg is perhaps open to doubt, but the development of the rotated egg is similar to the normal in so many respects that I am inclined to think that we can safely make a comparison between them; especially as the conclusion tallies with other results drawn from direct observation of the normal development and from other experiments. If this be granted we must conclude that the medullary plate is formed in large part over the lower hemisphere, extending from the equator to somewhere beyond the lower pole. If the length of the medullary plate covers at first only about one-third of a meridian of the egg i. e. 120 degrees, the posterior end of the folds must lie about 30 degrees beyond the lower pole. At any rate this is the case in the centrifuged eggs, and probably at least in the normal eggs.
The egg's orientate themselves when the centrifuge begins to act and as has been stated the centrifugal force drives the material towards the lower pole. This seems to happen as a rule, but in some cases the black was found lying unsymmetrically with reference -to the lower pole. Such cases must be reckoned with, and may account for some of the variations observed. 36*
The results obtained with this high rate of speed differ greatly trom those that I formerly obtained with a slower rate. The difference may, I think, be accounted for as follows. At the slower rate, the centrifugal action was so slow that before it caused a movement of the materials of the upper part of the egg, cell-division appeared, which cut off the upper small cells from the lower cells. Hence it became impossible to drive out the material from the small cells at the top of the egg, even if the rate sufficed to affect such a movement, which is doubtful. The lower, large cells, however, that extend above the equator of the egg are slow in dividing, and hence the centrifugal force may act on their contents, finally producing changes in them that prevent further development. The small cells of the upper hemisphere that contain the embryo-forming-materlals continue to develop, producing the many types of incomplete embryos that I have described. In other words the conditions were such that the lower part was injured, but not the upper part, and the extent of injury determined the kind of embryo produced. The nnsymmetrical action of the centrifugal force, resulting" probably from the accidental position of the egg when the centrifugal force began to act on it, or from the crowded condition in the tubes, determined whether one side, or one part was more injured than the other.
The eggs described in the present paper, rotated at a high speed, were affected as a whole, but the time selected was such that the lower hemisphere was not killed. Consequently normal embryos developed. If, however, the time was longer the top of the egg alone continued to segment, while the lower parts were so much changed or affected that they failed to segment normally, and normal embryos failed to developed.
WETZEL and HERTWIG have recently described some experiments in which the frog's egg" was centrifuged. W~rrZEL revolved eggs at the rate of 300 revolutions per minute for 31/2 hours with radius of 40 era. Some of them were turned with the white pole outward, others with the black pole. The former gave spina bifida embryos in the main; the latter, after removal from the machine, began to cleave first at the white pole, and later the smaller cells were in the white, the larger in the black, showing that the interior of the egg had shifted so that the ~animal~ part moved into that hemisphere turned towards the center of rotation, and the heavier yolk part moved outwards. The black pigment remained in the outer part of the egg', and hence was found later over the surface of the large cells of the yolk half of the egg. WETZEL states that the gastrulation subsequently appeared in the white field --i. c. in the animal half of the egg, and if I understand his account correctly he implies that the gastrulation involves the small cells of the animal part that now occupy the white field. If this is WETZEL'fi meaning I cannot understand the result. }[ERTWIG'S observations on similar egg's indicate that the rotation of the contents is often incomplete. Possibly this may give a clew by which to interpret WETZEL'fi statements in regards to organ-formation.
HERrrwm has carried out an experiment similar in many ways to that of WETZEL'fl just described. Unfertilized eggs, with the black pole turned outward, were rotated for 1 to 3 hours at the rate of 240 to 280 revolutions per minute. After removal from the machine they were placed with the white hemisphere upwards, and were fertilized. It was observed that after fertilization most of the eggs rotated somewhat, so that the white hemisphere sank to a greater or less extent to one side. The movement of the contents was never so great that the black pole came to the top. The result is evidently due to the centrifugal force having only incompletely reversed the arrangement of the interior of the egg. The cleavage began more on the white side of the egg where the small cells were subsequently formed. The gastrulation is not described. It will be observed that in these experiments of WETZEL'fi and of ttERTWIG'S a relatively slow rate of revolution was used (as in my own earlier experiments), and since the black pole was turned outwards there was no expectation that the pigment would be changed even if this were possible at the rate of speed used. In other words the orientation was the reverse of that assumed by the eggs in my present experiments.
CTURWITSCH revolved the eggs of triton for 4 or 5 hours and the eggs of the frog for ~/4 hour at ~the greatest possible speed~. The pigment and yolk were driven out of the top of the egg, as in the eggs described in the present paper. Most of the eggs died in the early cleavage, but some went as far as the blastula stage. Gt+R -wrrsc~ carried out the experiment in order to study the constitution of the protoplasm, and concluded that since the yolk granules can be driven through the egg without destroying its capacity to develop, the protoplasm can not have a permanent structural basis but must be composed of fluid substances.
It will be seen that I have used the results of my experiments mainly in locating the embryo on the egg. The more fundamental questions relating to the distribution of the materials of the egg, and the interpretation as to whether these visible substances are organforming or organ-determing have not been discussed. It is evident that the black pigment has no such function, but farther experiments will be necessary in Order to determine what value the other substances in the egg may have.
Summary.
When the egg of the frog {just before or soon after ferti]ization) is revolved at 1600 revolutions per minute for 7 minutes, the pig-; merit and yolk granules are driven from the top of the egg leaving a clear polar field, Fig's. 1 and 3 . The same results are produced in the toads egg in 3 minutes, Fig. 9 .
The eggs are somewhat flattened and the first three cleavages are vertical, Figs. 4 and 10.
The polar field enlarges during the later cleavage and blastula stages until just before gastrulation it nearly reaches the equator, Fig. 6 and. 7. The dorsal lip of the blastopore appears within, or just below, the black pigment band, Fig. 19 . Some of the cells of the yolk plug may be entirely black, Figs. 8 and 12 .
The anterior ends of the neural folds of the frog embryo extend to the edge of the white area, Fig. 15 . The location of the embryo on the egg can therefore be determined. In the toad embryo the anterior end extends somewhat further into the white area, Fig. 21 .
In later stages when the neural folds have closed~ the unpig'-mented ectoderm of the white field extends over the anterior, ventral, and lateral sides of the embryo. The dark ectoderm of the black band goes to form the neural plate, the ectoderm on each side of it, and the posterior end of the body, Figs. 21 and 22.
The normal development of the lower parts of the egg, into which the black pigment has been driven, shows that the pigment does not act as a formative substance.
Zusammenfassung,
Wird alas Frosehei (gerade vor oder gleich naeh der Befruehtung) einer Umdrehungsbewegung yon 1600 Umdrehungeu in der Minute 7 Minuten lang ausgesetzt, so werden die Pigment-und Dotterkt~rner yore Eischeitel weggetrieben, indem sie ein durchsichtiges Polfeld hinterlassen ( Fig. 1 und 3) . Dasselbe ergibt sich beim Kr~tenei nach 3 Minuten (Fig. 9 ). M~gan.
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